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Abstract
Subject of this paper is to analyze the effect of prestressing on the plastic behavior of reinforced concrete frame. One-story frame 
with span of 15m was designed as reinforced concrete structure as well as prestressed concrete structure. For each frame 
nonlinear model was constructed and nonlinear time-history analysis was conducted using seven ground motions records selected 
according to EN 1998-1. Results of nonlinear analysis for both frames were analyzed and compared and conclusions regard the 
effect of prestressing on plastic behavior of reinforced frame are presented in this paper.
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1. Introduction
The goal of this paper is to examine the effects of prestressing to the plastic behavior of reinforced concrete 
frame. In that aim, the frame is defined and it is designed in two variants as reinforced concrete (RC) and prestressed 
frame (PS). Nonlinear models are made for both frames and nonlinear time-history analysis is performed. Results of 
nonlinear analyses for both frames are analyzed and they are mutually compared for estimating of effects of 
prestressing to the plastic behavior of reinforced concrete frame. 
The considered frame has the geometry as in the Fig.1. The frame is single-bay of the span 15.0m. The frame 
height is 8.0m. The frame beam is of rectangular cross-section of the dimensions 40/100cm. The frame column is of 
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rectangular cross-section of the dimensions 40/80cm. The frame is a part of the hall structure where the frames are 
placed at each 7.0m. The roof cover is siporex, which is placed over the purlins at the distance of per 3.0m. Purlins 
are of rectangular cross-section, dimensions 25/45cm. 
Fig. 1 Frame geometry
The frame is funded on the soil type C according to EN 1998-1 [1]. The concrete is of the class C25/35, yield 
strength of steel (R400/500) for longitudinal and transverse reinforcement is fy=400 MPa, cables for prestressing are 
of the system SPB with characteristic strength fk=1770MPa [2]. The design and dimensioning of the considered 
frame is conducted according to European rules Eurocode 2 and 8 [1,3]. Design horizontal ground acceleration is 
ag=0.32g. The frame is designed for the ductility class DCM. The behavior factor is adopted in the amount of 3.3. In 
RC beam, in the sections at the ends, the reinforced is adopted in the upper zone 7Rf19mm (19.8cm2) and in the 
lower zone 4Rf19mm (11.3cm2), while in the sections at the middle of the span, 4Rf19mm (11.3cm2) is adopted in 
the upper zone, and 9Rf19mm (25.5cm2) is adopted in the lower zone. Transversal reinforcement in RC beam is 
2Rf10mm/10cm/20cm. The longitudinal reinforcement +/- 9Rf19mm (+/- 25.5cm2)  and transversal reinforcement 
3Rf10mm/10cm/20cm is adopted in RC column. In PS beam, in sections at the ends, 3SPB cables 4f12.5mm 
(3x3.72cm2) are adopted in the upper zone, while in the sections at the middle of the span, 3SPB cables 4f12.5mm 
(3x3.72cm2) and longitudinal reinforcement 4Rf12mm (4.52cm2) are adopted in the lower zone. Transversal 
reinforcement in PS beam is 2Rf10mm/10cm/20cm. Cables 2SPB 4f12.5mm (2x3.72cm2) are adopted in PS 
column, as well as longitudinal reinforcement 4Rf12mm (4.52cm2) and transversal reinforcement 
3Rf10mm/10cm/20cm.
2. Modelling of reinforced concrete and prestressed frame for nonlinear time-history analysis
Two models of frame are formed for the needs of nonlinear analysis conduction (nonlinear model of reinforced 
concrete frame and nonlinear model of prestressed frame) using Perform 3D [4].
Modeling of inelastic beams and columns are performed using the Fema chord rotation model [4,5], by which 
they are modeled with two plastic hinges at both ends and elastic segments between them. Plastic hinges at the ends 
of the element are rotation hinges. This method of inelastic behavior modeling of beams and columns is quite 
satisfactory in the case of usual frame structure in which appearing of plastic hinges is expected at the ends of the 
elements. Trilinear behavior with strength loss for hinge moment-rotation relationship and the hysteresis loop with 
stiffness degradation is adopted (see Fig.2).
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Fig.2 Trilinear behavior with strength loss for hinge moment-rotation relationship
Modeling of beam-column joint was performed using the Panel Zone element [4,5]. It consists of four rigid links, 
hinged at the corners and rotational spring that provides strength and stiffness. Models of the beam and the column 
are presented in the Fig.3 and Fig.4 with their basic components.  
Fig.3 Model of the beam of the RC frame
Fig.4 Model of the column of the PS frame.
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3. Selection of ground motions
Ground motions used in this paper for nonlinear time-history analysis are chosen from European strong-motion 
database [6]. These motions were characterized by surface-wave magnitudes, M, in the range between 5 and 7 and 
distance to source, R, between 8 and 35 km. Selection of ground motions are made in accordance with EN 1998-1
[1]. Each ground motion is scaled to the value agS (soil factor S is 1.15 for soil type C). The selected seven ground 
motions with the basic characteristics are shown in the table 1.
                          Table 1. List of earthquakes and their characteristics
Earthquake  
ID
Name of 
earthquake Date M
Distance to 
source [km]
PGA_X 
[m/s2]
PGA_Y 
[m/s2]
157 Alkion 2/24/1981 6.6 19 2.8382 1.6705
63 Friuli 9/15/1976 6 9 1.0686 0.9324
349 Dinar 10/1/1995 6.4 8 2.6739 3.1306
2296 Ishakli 2/3/2002 5.8 35 0.394 0.5069
561 Adana 6/27/1998 6.3 30 2.1575 2.6442
587 Cubuklu 4/20/1988 5.5 34 0.4095 0.4439
473 Izmit 9/13/1999 5.8 26 0.6464 0.512
When nonlinear time-history analysis are conducted for at least seven independent ground motions in the 
horizontal direction, mean value of response is used as relevant design value of response, from all individual 
responses of independent ground motions. In the Fig.5 there is a procedure of the selection of ground motion in 
accordance with EN 1998-1 [1].
Fig.5 Construction of mean spectrum according to EN1998-1 for seven selected ground motions
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4. Results of nonlinear time-history analysis
The nonlinear time-history analysis is performed for the seven selected ground motions for the both considered 
frame. Results of nonlinear time-history analysis are obtained for the case of RC frame and they are compared with 
the results obtained for the case of PS frame. D/C (demand/capacity) ratios for particular limit states for the case of 
RC frame and PS frame are compared in table 2. The following limit states are checked for the considered frames: 
capacity of  plastic hinge’s  rotation of beam and column, shear capacity of beam and column, shear capacity of 
beam-column joint and bending moment strength of the beam in the middle of the span. D/C ratios shown in the 
table presents the mean value of seven characteristic D/C ratios obtained for each ground motions. 
It can be seen from the shown results that both frames have satisfactory behavior for the effects of the selected 
ground motions. All defined limit states are satisfied. The difference in the way of behavior of two considered frame 
is noticed. In the case of RC frame, plastic hinges are appeared at the ends of beam while the columns stay in the 
elastic domain of behavior. In case of PS frame plastic hinges are appeared at the ends of columns while the beam 
stays in elastic domain of behavior. 
            Table 2. D/C relations for particular limit states for RC frame and PS frame
Limit states RC frame PS frame
Plastic hinge’s  rotation of beam D/C=0.14 D/C=0.02
Plastic hinge’s  rotation of column D/C=0.01 D/C=0.20
Shear capacity of beam D/C=0.13 D/C=0.13
Shear capacity of column D/C=0.11 D/C=0.12
Shear capacity of beam-column joint D/C=0.40 D/C=0.32
Bending moment strength of the beam    D/C=0.69 D/C=0.56
Moment – plastic hinge rotation relations for PS beam and RC beam are shown in the Fig.6 (the mean values for 
seven selected ground motions). It can be seen that the end of PS beam where the plastic hinge is predicted stays in 
elastic domain of behavior, while at the end of RC beam plastic hinges are formed. 
Fig.6 Moment - plastic hinge rotation relation for PS beam and RC beam
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These differences in behavior of PS beam in relation to RC beam appear because of flexural overstrength of PS 
beam (higher yielding moment and bending moment strength of PS beam). The appearance of plastic hinges in PS 
beam is postponed in this way. Higher bending moment strength of PS beam are the consequence of stronger steel 
features for prestressing and presence of axial compressive force in PS beam. Axial compressive force from 
prestressing increases yielding moment and bending moment strength. 
Moment – plastic hinge rotation relations for PS column and RC column at the top of the column are shown in the 
Fig.7 (the mean values for seven selected ground motions). According to the figure it can be seen that plastic hinges 
are formed in the PS column at the top, while the sections of RC column at the top, stay in elastic domain of 
behavior. 
Fig.7 Moment - plastic hinge rotation relation for PS column and RC column
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Fig. 8 Interaction diagrams for RC and PS column
These differences in the behavior of PS column in relation to RC column are the consequence of lower bending 
moment strength for the same level of the axial compressive force in the case of PS column. In this way the 
appearance of plastic hinges is faster in PS column. In the Fig.8, interaction diagrams for RC and PS column are 
shown. The figure shows that interaction diagram for PS column is inscribed in the interaction diagram for RC 
column.
5. Conclusions
According to the obtained results of nonlinear time-history analysis RC frame has more favorable behavior than 
PS frame. In the RC frame plastic hinges are appeared at the beam ends, that is a beam mechanism, in difference 
from PS frame where plastic hinges are appeared in the columns, while the beam stay in elastic domain of behavior. 
For the case of frame structures it is known that forming of beam mechanism during the earthquake is the desired 
way of behavior. 
Plastic hinges at the ends of the beam of RC frame are formed in difference from the beam of PS frame. These 
differences in the behavior of PS beam in relation to the RC beam appear because of higher realized yielding 
moment and bending moment strength of PS beam. In this way the appearance of plastic hinges in PS beam is 
postponed. Higher bending moment strength of PS beam are the consequence of stronger characteristics of steel for 
prestressing and presence of axial compressive force in PS beam. Axial compressive force from prestressing 
increases yielding moment and bending moment strength. In the PS column in difference from the RC column there 
are plastic hinges at the ends. These differences in the behavior of PS column in relation to RC column are the 
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consequence of less realized bending moment strength for the same level of the axial compressive force in a case of 
PS column.  In this way the appearance of plastic hinges in PS column are fastened.  
By the analysis of the cross section of the beam and the column for both considered case of the frame and 
according to the calculated capacities of deformations it can be stated that PS frame has less capacities of 
deformations than RC frame. Both frames have the satisfactory behavior for selected ground motions because 
defined limit state is not exceeded. 
During the designing of the prestressing structures it should keep in mind all unfavorable effects of prestressing to 
their plastic behavior; they are: reduction of the deformation capacity, presence of the axial compressive force from 
prestressing, higher strength of steel for prestressing which have influence on flexural overstrength of elements 
where plastic hinges should appear.
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